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5 Field of the Invention 

This invention relates generally to semiconductor 
manufacture and packaging. More particularly, this 
invention relates to multi-dice semiconductor components, 
to methods for fabricating the components, and to systems 
10 incorporating the components. 

Background of the Invention 

Semiconductor manufacturers have developed components, 
such as packages and BGA devices, which contain multiple 

15 semiconductor dice. For example, systems in a package 
(SIP) include multiple dice having different 
configurations, such as a memory, a processing, or an 
application specific configuration. The multiple dice 
provide increased integration, security and performance in 

20 a component . 

One aspect of these multi-dice components is that they 
typically have a relatively large peripheral outline and 
thickness. For example, conventional systems in a package 
have two or more dice spread out on a common substrate. 

25 These components are typically larger than conventional 
plastic semiconductor packages. It would be desirable to 
be able to fabricate semiconductor components, such as 
packages and BGA devices, with multiple dice, but also with 
a chip scale outline and thickness. 

30 At the same time, components need a reliable and 

efficient internal signal transmission system, and a high 
input/output capability. One aspect of conventional chip 
scale components, such as chip scale packages (CSP) , is 
that they are difficult to manufacture with the reliability 

35 required in the industry. For example, some chip scale 
components include relatively complicated signal 
transmission systems, such as beam leads and wire 
conductors. These signal transmission systems are 
difficult to manufacture, and are prone to failure, 
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5 particularly at the high pin counts required for demanding 
electronics applications. It would be desirable for a 
multi-dice component to have a reliable signal transmission 
system capable of volume manufacture. 

The present invention is directed to a multi-dice 
10 component having a chip scale outline, an integrated 
internal signal transmission system, and a high input- 
output capability. In addition, the present invention is 
directed to wafer level methods for fabricating multi-dice, 
chip scale components . 

15 

Summary of the Invention 

In accordance with the present invention, multi-dice 
semiconductor components, wafer level methods for 
fabricating the components, and systems incorporating the 

20 components are provided. 

The component includes a base die, and a secondary die 
stacked on and bonded to the base die. The base die 
functions as an interconnect and support element for 
packaging the secondary die, but can also include 

25 integrated circuits, such that the component can be 
configured as a system in a package. The component has a 
chip scale outline (footprint) substantially identical to 
that of the base die. In addition, both the base die and 
the secondary die can be thinned, such that even with 

30 stacked dice, the component can have a chip scale thickness 
(profile) . 

In an illustrative embodiment, the base die includes a 
circuit side, a backside, a semiconductor substrate with 
integrated circuits, and conductive vias in the 
35 semiconductor substrate. The secondary die includes a 
circuit side, a back side, a semiconductor substrate with 
integrated circuits, and bumped contacts on the circuit 
side. The bumped contacts on the secondary die are bonded 
to the base die in electrical communication with the 
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5 conductive vias. The conductive vias and the bumped 
contacts form an internal signal transmission system for 
the component, and allow the circuit side of the secondary- 
die to be bonded to the back side of the base die. 

The component also includes an array of terminal 

10 contacts on the circuit side of the base die in electrical 
communication with the conductive vias. In addition, the 
component includes an underfill layer attaching the base 
die to the secondary die and can include an encapsulant on 
the back side of the base die for protecting the secondary 

15 die. The component can also include a polymer layer on the 
circuit side of the base die which functions as a 
protective layer, a rigidifying member and a stencil for 
forming the terminal contacts. 

An alternate embodiment component includes multiple 

20 secondary dice, such as a first secondary die and a second 
secondary die, stacked and bonded to one another and to a 
base die. In this embodiment the first secondary die 
includes conductive vias, and the second secondary die can 
be bonded to the conductive vias. Another alternate 

25 embodiment component includes a base die which functions as 
an interconnect element with no integrated circuitry. 
Another alternate embodiment component includes multiple 
base dice stacked and bonded to one another, and a cap 
plate bonded to one of the base dice. The cap plate 

30 includes conductors that electrically connect selected 
contacts (e.g., power contacts and ground contacts) on the 
base dice to one another. As another alternative, the cap 
plate can include electronic components such as capacitors 
in a desired circuit pattern. 

35 An illustrative wafer level method for fabricating the 

component includes the step of providing a secondary wafer 
containing the secondary dice, and the step of providing a 
base wafer containing the base dice. The secondary wafer 
is initially processed to form the bumped contacts, and 
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5 other elements as well, and the completed secondary dice 
are singulated from the secondary wafer. Prior to 
singulation the secondary dice can be tested on the 
secondary wafer using wafer level test procedures. The 
secondary dice can also be tested and burned-in following 

10 singulation and certified as known good dice (KGD) . 

The base wafer is initially processed to form the 
polymer layer, the conductive vias, the bumped contacts, 
and other elements as well. In addition, the base wafer 
can be ground, polished or etched to thin the base dice, 

15 and facilitate formation of the conductive vias. Further, 
the base dice on the base wafer can be tested using wafer 
level test procedures. 

Following initial processing and testing of the base 
wafer, the singulated secondary dice are bonded to the base 

20 dice on the base wafer. The bonding step can include 
formation of an underfill layer on the base wafer, and 
reflow or conductive adhesive bonding of the bumped 
contacts .on the secondary dice, to the bumped contacts on 
the base dice. The bonding step can also be performed by 

25 bonding the secondary wafer to the base wafer, or by 
bonding singulated secondary dice to singulated base dice. 
Following the bonding step, the secondary dice on the base 
wafer can be thinned by grinding, polishing or etching, and 
the terminal contacts formed on the base dice. The 

30 completed components, each of which includes a base die and 
a stacked secondary die, are then singulated from the base 
wafer . 

An alternate embodiment wafer level fabrication method 
includes the steps of processing the base wafer and the 
35 secondary wafer, bonding the base wafer to the secondary 
wafer, and then singulating the components from the bonded 
wafers. As another alternative fabrication method, the 
base wafer can be processed and singulated into the base 
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5 dice, and the singulated secondary dice attached to the 
singulated base dice. 

The component can be used to construct various 
electrical systems such as module systems, systems in a 
package (SIPs) , computer systems, camcorder systems, camera 
10 systems, cellular telephone systems, and medical device 
systems . 

Brief Description of the Drawings 

Figure 1A is an enlarged schematic bottom view of a 
15 component constructed in accordance with the invention; 

Figure IB is a enlarged schematic side elevation view 
of the component; 

Figure 1C is an enlarged schematic cross sectional 
view of the component taken along section line 1C-1C of 
20 Figure 1A; 

Figure ID is an enlarged schematic cross sectional 
view of the component taken along section line ID-ID of 
Figure 1C; 

Figure IE is an enlarged schematic cross sectional 
25 view of the component taken along section line IE-IE of 
Figure 1C; 

Figure IF is an enlarged schematic cross sectional 
view of the component taken along section line 1F-1F of 
Figure 1C; 

30 Figure 2 is a plan view of a secondary wafer used in 

the fabrication of the component; 

Figures 2A-2E are schematic cross sectional views 
taken along section line (2A-2E) - (2A-2E) of Figure 2 
illustrating steps performed on dice on the secondary wafer 
35 during fabrication of the component; 

Figure 3 is a plan view of a base wafer used in the 
fabrication of the component; 

Figures 3A-3P are schematic cross sectional views 
taken along section line (3A-3P) - (3A-3P) of Figure 3 
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illustrating steps performed on a die on the base wafer 
during fabrication of the component with three different 
embodiments (I, II, III) illustrated in Figures 3M-3P; 

Figures 3Q-3V are schematic cross sectional views 
taken along section line (3A-3P) - (3A-3P) of Figure 3 
illustrating steps performed on dice on the base wafer 
during fabrication of the component using embodiment II in 
Figures 3M-3P; 

Figure 4A is a schematic cross sectional view 
equivalent to Figure 1C of an alternate embodiment 
component having terminal contacts which comprise pins; 

Figure 4B is a schematic cross sectional view 
equivalent to Figure 1C of an alternate embodiment 
component having two secondary dice stacked and bonded to 
one another and to a base die; 

Figure 4C is a schematic cross sectional view 
equivalent to Figure 1C of an alternate embodiment 
component having direct connect base die with no 
redistribution layer; 

Figure 4D is a schematic cross sectional view 
equivalent to Figure 1C of an alternate embodiment 
component having a center connect secondary die; 

Figure 4E is a schematic cross sectional view 
equivalent to Figure 1C of an alternate embodiment 
component having an interconnect base die and stacked 
secondary dice; 

Figure 4F is a schematic cross sectional view 
equivalent to Figure 1C of an alternate embodiment 
component having stacked base dice and a cap plate; 

Figure 4G is a schematic cross sectional view 
equivalent to Figure 1C of an alternate embodiment 
component having an underfill layer configured as an 
encapsulant ; 

Figure 4H is a schematic cross sectional view 
equivalent to Figure 1C of an alternate embodiment 



MICRON TECHNOLOGY, INC. 



7 



DOCKET NO. 02-1500 



5 component having stacked base dice and a cap plate with 
electronic components thereon; 

Figure 5A is a flow diagram illustrating broad steps 
in the fabrication method; 

Figure 5B is a flow diagram illustrating steps 
10 performed on the secondary wafer in the fabrication method; 

Figure 5C is a flow diagram illustrating steps 
performed on the base wafer in the fabrication method; 

Figure 5D is a flow diagram illustrating steps for 
mounting the secondary dice to the base dice on the base 
15 wafer; 

Figures 6A-6G are flow diagrams illustrating steps of 
the fabrication method performed using different 
semiconductor fabrication equipment; 

. Figure 7A is a schematic plan view of a module system 
20 incorporating components constructed in accordance with the 
invention; 

Figure 7B is a schematic cross sectional view of the 
module system taken along section line 7B-7B of Figure 7A; 

Figure 8 is a schematic cross sectional view of a 
25 system in a package incorporating components constructed in 
accordance with the invention; 

Figure 9 is a schematic cross sectional view of a 
computer system incorporating components constructed in 
accordance with the invention; 
30 Figure 10 is a schematic cross sectional view of a 

camcorder system incorporating components constructed in 
accordance with the invention; 

Figure 11 is a schematic cross sectional view of a 
camera system incorporating components constructed in 
35 accordance with the invention; 

Figure 12 is a schematic cross sectional view of a 
cellular phone system incorporating components constructed 
in accordance with the invention; and 
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5 Figure 13 is a schematic cross sectional view of a 

medical device system incorporating components constructed 
in accordance with the invention. 

All of the drawing Figures, particularly the cross 
sectional views, are schematic such that the elements 
10 contained therein are not to scale. 

Detailed Description of the Preferred Embodiments 

As used herein, the term "semiconductor component" 
refers to an electronic element that includes a 

15 semiconductor die. Exemplary semiconductor components 
include semiconductor packages, semiconductor dice, BGA 
devices, and DDC devices. 

The term "wafer level fabrication method" means a 
semiconductor fabrication method in which semiconductor 

20 wafers are used to make semiconductor components. 

Referring to Figures 1A-1F, a component 10 constructed 
in accordance with the invention is illustrated. As shown 
in Figure 1C, the component 10 includes a base die 12 
(first die in the claims) , and a secondary die 14 (second 

25 die in the claims) . As will be further explained, the base 
die 12 and the secondary die 14 are stacked and bonded to 
one another. 

In the embodiment illustrated in Figures 1A-1F, the 
base die 12 and the secondary die 14 comprise active 

30 semiconductor dice having a desired electrical 
configuration. For example, each die 12, 14 can comprise a 
high speed digital logic device, such as a dynamic random 
access memory (DRAM) , a static random access memory (SRAM) , 
a flash memory, a microprocessor, a digital signal 

35 processor (DSP) , or an application specific integrated 
circuit (ASIC). In addition, each die 12, 14 can have a 
different configuration. For example, the base die 12 can 
comprise an application specific device, and the secondary 
die 14 can comprise a memory device, such that the 
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5 component 10 can be configured as a system in a package 
(SIP) . 

Alternately the base die 12, rather than being an 
active semiconductor dice, can comprise an interconnect 
element with no integrated circuitry. For example, 

10 component 10E in Figure 4E includes a base die 12E with no 
integrated circuitry, and component 10F in Figure 4F 
includes a base die 12F with no integrated circuitry. 

As shown in Figures 1A-1C, the component 10 also 
includes an array of electrically conductive terminal 

15 contacts 18 configured for signal transmission to and from 
the component 10. The terminal contacts 18 are also 
sometimes referred to in the art as outer lead bonds (OLB) . 
In the illustrative embodiment, the terminal contacts 18 
comprise metal bumps or balls. However, the terminal 

20 contacts 18 can also comprise pins, polymer bumps, spring 
contacts or any terminal contact or outer lead bond (OLB) 
known in the art. Also in the illustrative embodiment, 
there are twelve terminal contacts 18, arranged in a ball 
grid array (BGA) which includes two . rows of six terminal 

25 contacts 18 each. However, this arrangement is merely 
exemplary, and the terminal contacts 18 can be arranged in 
any area array, such as a fine ball grid array (FBGA) , an 
edge array or a peripheral array, containing any desired 
number of terminal contacts 18. 

30 Further, the terminal contacts 18 have outside 

diameters on the order of about 300 tim to 350 /im. This 
makes the terminal contacts 18 much larger in comparison to 
the other elements of the component 10. However, for 
illustrative purposes the terminal contacts 18 are shown as 

35 being about the same size as other elements of the 
component 10. 

The component 10 also includes an encapsulant 16 
formed on the base die 12 and on the edges of the secondary 
die 14. The encapsulant 16 can comprise a polymer material 
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5 such as an epoxy, a silicone, a polyimide or a transfer 
molded underfill compound (MUF) . In addition, these polymer 
materials can include fillers such as silicates configured 
to reduce the coefficient of thermal expansion (CTE) and 
adjust the viscosity of the polymer material. The 

10 encapsulant 16 can alternately comprise a laser imageable 
material, which can be patterned using a s tereographic 
lithography process to be hereinafter described. As 
another alternative, the encapsulant 16 can be eliminated. 
For example, component 10G in Figure 4G includes an 

15 underfill layer 94G which performs the function of the 
encapsulant 16 . 

As shown in Figure 1C, the component 10 also includes 
a polymer layer 2 0 formed on a circuit side 62 of the base 
die 12 proximate to the terminal contacts 18. The polymer 

20 layer 20 can comprise a polymer material such as an epoxy, 
a silicone, a polyimide, a photoimageable material such as 
a resist, or a laser imageable material. Such a polymer 
layer 20 is sometimes referred to as a front side polymer 
(FSP) . As will be further explained, in addition to 

25 performing a protective function, the polymer layer 20 
performs a rigidifying function for the component 10. In 
addition, the polymer layer 20 can be configured as a 
polymer stencil for forming the terminal contacts 18. 
However, the polymer layer 20 can also be eliminated. For 

30 example, a component 10C in Figure 4C has no polymer layer 
20. 

As shown in Figure 1C, the component 10 also includes 
a plurality of interconnect contacts 22, which function as 
internal signal transmission elements for transmitting 
35 signals between the base die 12 and the secondary die 14. 
Each interconnect contact 22 includes a bumped contact 24 
on the secondary die 14 in electrical communication with a 
conductive via 26 on the base die 12. Each interconnect 
contact 22 also includes a bumped contact 86 on the base 
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5 die 12 bonded to a conductive via 2 6 and to a bumped 
contact 24 on the secondary die 14. The bumped contacts 24 
and the bumped contacts 86 are also referred to herein as 
inner lead bonds ( ILB) . In addition, the bumped contacts 
24 can have an outside diameter of only about 60 txm to 100 

10 fim. This makes the bumped contacts 24 several times smaller 
than the terminal contacts 18, which are about 300 ixra to 350 
/xm in diameter. However, for illustrative purposes the 
bumped contacts 2 4 and the terminal contacts 18 are shown 
as being about the same size. 

15 As shown in Figure ID, the secondary die 14 includes a 

plurality of die contacts 46, such as interlevel bond pads, 
device bond pads, or redistribution pads, in electrical 
communication with the integrated circuits 32 (Figure 2A) 
contained on the secondary die 14. As will be further 

20 explained, the bumped contacts 24 are formed on the die 
contacts 46, and the bumped contacts 24 are bonded to the 
conductive vias 26. In the illustrative embodiment there 
are twelve die contacts 46 formed as an area array of two 
rows of six die contacts 46, with each row located 

25 proximate to a peripheral edge of the secondary die 14. 
However, this arrangement is merely exemplary and the die 
contacts 46 can be formed in any desired pattern. For 
example in a component 10D shown in Figure 4D a secondary 
die 14D includes die contacts 46 formed along a center line 

30 of the die 14D (center connect) . 

As shown in Figure IE, the base die 12 includes a 
plurality of die contacts 56, such as interlevel bond pads, 
device bond pads, or redistribution pads, in electrical 
communication with the integrated circuits 60 (Figure 3A) 

35 contained on the base die 12. In the illustrative 
embodiment the pattern of the die contacts 56 on the base 
die 12 matches the pattern of the die contacts 46 on the 
secondary die 14. 
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5 As shown in Figure IF, the component 10 also includes 

a pattern of redistribution conductors 28 on the circuit 
side 62 of the base die 12 in electrical communication with 
the conductive vias 26 (Figure 1C) , and with under bump 
metallization layers 58 for the terminal contacts 18 

10 (Figure 1C) . The redistribution conductors 28 allow the 
pitch PI of the terminal contacts 18 to be different than 
the pitch P2 of the die contacts 56. For example, the 
redistribution conductors 28 can have a "fan out" 
configuration, such that the pitch PI of the terminal 

15 contacts 18 can be greater than the pitch P2 of the die 
contacts 56. Alternately, the pitch Pi of the terminal 
contacts 18 can be equal to, or less than, the pitch P2 of 
the die contacts 56. In this application, the 

redistribution conductors 28 change a standard pattern of 

20 the die contacts 56 to a customized pattern of the terminal 
contacts 18. However, as will be further explained, the 
redistribution conductors 28 can be eliminated, and the 
terminal contacts 18 can be formed directly on the die 
contacts 56. For example a component 10C in Figure 4C does 

25 not have redistribution conductors 28 and the terminal 
contacts 18 are formed directly on the die contacts 56 on 
the base die 12 . 

As shown in Figure 1C, the component 10 also includes 
an underfill layer 94 which bonds the secondary die 14 to 

30 the base die 12. The underfill layer 94 can comprise a 
curable material or a tape material. In addition, the 
underfill layer 94 can also perform the function of the 
encapsulant. For example, a component 10G in Figure 4G 
includes an underfill layer 94G which also functions as an 

35 encapsulant . 

Additional elements of the component 10 shown in 
Figures 1A-1E, will be identified as the description 
proceeds . 
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5 Referring to Figures 2 and 3, initial steps in a 

method for fabricating the component 10 are illustrated. 
Initially, as shown in Figure 2, a secondary wafer 30 
containing a plurality of secondary dice 14 is provided. 
In addition, as shown in Figure 3, a base wafer 54 

10 containing a plurality of base dice 12 is provided. 

Referring to Figures 2A-2E, fabrication steps 
performed on the secondary wafer 30 are illustrated. As 
shown in Figure 2A, each secondary die 14 includes a 
plurality of integrated circuits 32 formed on a circuit 

15 side 34 thereof in a desired electrical configuration. The 
integrated circuits 32 are formed in a silicon substrate 36 
of the secondary wafer 3 0 using techniques that are well 
known in the art. Alternately, the silicon substrate 36 
can comprise another semiconductor material such as gallium 

20 arsenide . 

As also shown in Figure 2A, the secondary wafer 3 0 
also includes an electrically insulating passivation layer 
38, such as a polymer, such as polyimide or BCB, an oxide 
such as silicon dioxide, or a glass, such as 

25 borophosphosilicate glass (BPSG) . The passivation layer 38 
can be formed using techniques that are known in the art, 
such as by blanket deposition onto the secondary wafer 3 0 
to a desired thickness. In addition, the passivation layer 
38 can include trenches 40 aligned with the streets between 

30 the secondary dice 14 . 

As also shown in Figure 2A, a mask layer 42 is formed 
on the passivation layer 38. The mask layer 42 can 
comprise an electrically insulating polymer material, such 
as polyimide, photoimageable polyimide, BCB, epoxy or a 

35 resist formed with a pattern of openings 44. The mask 
layer 42 initially functions as a mask for etching the 
passivation layer 38, and then as a permanent electrically 
insulating layer in the completed component 10. The 
openings 44 align with the die contacts 46 on the circuit 
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5 side 34 of the secondary dice 14. Following the etching 
step using the mask layer 42, the openings 44 extend 
through the passivation layer 38 to the die contacts 46. 

At this point the secondary dice 14 on the secondary 
wafer 30 can be probe tested using probes placed in the 

10 openings 44 in electrical communication with the die 
contacts 46. The probe testing can be performed using 
standard techniques and used to identify those secondary 
dice 14 on the secondary wafer 30 that are "good die". 

Next, as shown in Figure 2B, the under bump 

15 metallization (UBM) layers 48 are formed in the openings 44 
and on the die contacts 46. The UBM layers 48 can comprise 
one or more layers configured to provide surfaces for 
forming or bonding the bumped contacts 24. In the 
illustrative embodiment, each UBM layer includes an 

20 adhesion metal layer formed of a metal such as nickel, 
zinc, chromium, or palladium and a solder wettable metal 
layer formed of a metal such as palladium or gold. The UBM 
layers 48 can be formed using a suitable deposition process 
such as electroless plating, electrolytic plating or 

25 chemical vapor deposition (CVD) . 

Next, as shown in Figure 2C, the bumped contacts 24 
are formed on the UBM layers 48. The bumped contacts 24 
can comprise a metal such as solder, deposited using a 
suitable process such as dipping, wave soldering, 

30 stenciling, or screen printing. One suitable process for 
forming the bumped contacts 24 is described in U.S. Patent 
No. 6,372,624 Bl to Farnworth et al . , entitled "Method For 
Fabricating Solder Bumps By Wave Soldering", which is 
incorporated herein by reference. The bumped contacts 24 

35 can also be formed using a bonding process such as ball 
bumping with a ball bumper apparatus or a wire bonder. 

As another alternative, the bumped contacts 24 can 
comprise a conductive polymer formed using a suitable 
process such as stenciling or screen printing. As yet 
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5 another alternative, the bumped contacts 24 can comprise 
metal or metal plated pins formed on, or bonded to, the UBM 
layers 48. In some of the description to follow, the 
bumped contacts 24 are referred to as inner lead bonds 
(ILB) . As yet another alternative, the bumped contacts 24 
10 can be eliminated and the UBM layers 48 can be bonded 
directly to bumped contacts 86 (Figure 1C) on the base die 
12 . 

Next, as shown in Figure 2D, a singulating step is 
performed to singulate or separate the secondary dice 14 

15 from the secondary wafer 30. One method for performing the 
singulating step is to attach the secondary wafer 30 to a 
dicing tape 50, and then cut kerfs 52 through the streets 
31 (Figure 2) of the secondary wafer 3 0 using a dicing saw. 
The singulating step also controls the width of the 

20 secondary dice 14. In Figure 2, the singulating step is 
illustrated as being performed to form the kerfs 52 (Figure 
2D) with a saw blade having a selected width SCI (saw cut 
1) . As will be further explained, this width SCI can be 
greater than the width of a saw blade SC2 (Figure 3) used 

25 to singulate a base wafer 54 (Figure 3). The width of the 
secondary dice 14 (Figure 2) will thus be less than the 
width of the base dice 12 by an amount equal to the 
difference between the width SCI (Figure 2) and the width 
SC2 (Figure 3) . 

30 Alternately rather than sawing, the singulating step 

can be performed using another singulation method, such as 
cutting with a laser or a water jet, or be etching the 
secondary wafer 3 0 with a suitable wet or dry etchant . As 
will be further explained, following the singulating step, 

35 the secondary dice 14 will be removed from the dicing tape 
50 using a pick and place mechanism or other suitable 
apparatus and placed on the base wafer 54 (Figure 3) . 

However, prior to the singulating step, the integrated 
circuits 32 on the secondary dice 14 can be evaluated by 
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wafer level testing of the secondary wafer 30 using 
equipment and techniques that are known in the art. For 
example, the secondary wafer 30 can be placed in a wafer 
prober having a probe card with probe contacts configured 
to electrically engage either the die contacts 46 or the 
bumped contacts 24. The testing can include functionality 
and parametric tests that are known in the art. The 
secondary dice 14 can thus be evaluated and mapped prior to 
the singulating step. As another optional alternative, the 
singulated secondary dice 14 can be further tested and 
burned- in, and. certified as known good dice (KGD) . 

As shown in Figure 2E # each singulated secondary die 
14 includes the passivation layer 38, the mask layer 42 and 
the bumped contacts 2 4 formed on the UBM layers 48 in 
electrical communication with the integrated circuits 32. 

Referring to Figures 3A-3V, fabrication steps 
performed on the base wafer 54 are illustrated. As shown 
in Figure 3A, each base die 12 includes a plurality of 
integrated circuits 60 formed on a circuit side 62 thereof 
in a desired electrical configuration. The integrated 
circuits 60 are formed in a silicon substrate 64 of the 
base wafer 54 using techniques that are well known in the 
art. Alternately, the silicon substrate 64 can comprise 
another semiconductor material such as gallium arsenide. 
Each base die 12 also includes the die contacts 56 in 
electrical communication with the integrated circuits 60. 
As another alternative, the base wafer 54 can be provided 
with no integrated circuits such that the base die 12 
functions as an interconnect element but not as a active 
semiconductor device. For this reason the base wafer 54 is 
sometimes referred to in the description to follow as a 
through wafer interconnect (TWI) . 

As shown in Figure 3A, the base wafer 54 also includes 
an electrically insulating passivation layer 66, such as a 
polymer, such as polyimide or BCB, an oxide such as silicon 
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5 dioxide, or a glass, such as borophosphosilicate glass 
(BPSG) . The passivation layer 66 can be formed using 
techniques that are known in the art, such as by blanket 
deposition onto the base wafer 54 to a desired thickness. 

Initially, as shown in Figure 3A, the redistribution 

10 conductors 28 are formed in electrical communication with 
the die contacts 56. The redistribution conductors 28 can 
be formed using a subtractive process (e.g., etching) or an 
additive process (e.g., sputtering, or a combination of 
sputtering and plating) as is known in the art. 

15 Redistribution conductors are widely used in semiconductor 
manufacture to customize the signal transmitting and 
terminal contact configuration of dice having standardized 
bond pad configurations. One suitable redistribution 
process is described in U.S. Patent No. 5,851,911 to 

20 Farnworth, which is incorporated herein by reference. 
Alternately the redistribution conductors 28 can be 
eliminated if the die contacts 56 have the required 
configuration. For example, the die contacts 56 can be 
made to accommodate the same pattern as the terminal 

25 contacts 18 (Figure 1C) . In this case the redistribution 
conductors 28 can be eliminated. 

In addition to the redistribution conductors 28, a 
first redistribution insulating layer 68 is formed between 
the redistribution conductors 28 and the passivation layer 

30 66, and a second redistribution insulating layer 70 is 
formed on the redistribution conductors 28. The first 
redistribution insulating layer 68 and the second 
redistribution insulating layer 70 can comprise a polymer, 
such as polyimide or PBO (polybenzoxazole) , deposited to a 

35 desired thickness using a suitable deposition process. If 
the redistribution conductors 28 are not formed, then the 
redistribution insulating layers 68, 7 0 can be eliminated. 

Next, as shown in Figure 3B, the under bump 
metallization layers 58 for the terminal contacts 18 are 
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5 formed on the redistribution conductors 28. The under bump 
metallization layers 58 can comprise adhesion metal layers 
and solder wettable metal layers, formed substantially as 
previously described for under bump metallization layers 48 
(Figure 2B) . In the illustrative embodiment the under bump 
10 metallization layers 58 have the pattern shown in Figure 
IF. 

Next, as shown in Figure 3C, the polymer layer 2 0 can 
be formed on the second redistribution insulating layer 70. 
The polymer layer 20, in addition to protecting the back 

15 side of the completed component 10, also functions as a 
stiffener and rigidifying member as the base die 12 will 
subsequently be thinned. In addition, the polymer layer 2 0 
can be used as a stencil for forming the terminal contacts 
18. A representative thickness for the polymer layer 20 can 

20 be from 2 5 /xm to 150 /xm. However, the polymer layer 2 0 is 
optional and can be omitted for some applications. 

The polymer layer 2 0 can comprise a polymer patterned 
with openings 72 aligned with the under bump metallization 
layers 58. One method for forming the polymer layer 20 is 

25 with a stereo lithographic process. With stereo 
lithography, the polymer layer 2 0 can comprise a laser 
imageable material, such as a "Cibatool SL 5530" resin 
manufactured by Ciba Specialty Chemicals Corporation, or an 
"SI40" laser imageable material manufactured by RPC 

30 Corporation. To perform the stereo lithographic process, a 
layer of the laser imageable material can be blanket 
deposited on the base wafer 54 in viscous form using a 
suitable process such as spin on, and then exposed using a 
laser beam to define the openings 72. The layer can then 

35 be developed to form the openings 72 in the exposed areas. 
The layer can then be rinsed, cleaned with a cleaning agent 
such as alcohol, and spun to remove excess material. The 
base wafer 54 can then be placed in an oven, or alternately 
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5 under a high intensity UV light, to cure the non-exposed 
material . 

A stereo lithography system for performing the imaging 
process is available from 3D Systems, Inc. of Valencia, CA. 
In addition, stereographic lithographic processes (3-D) are 

10 described in U.S. application serial no. 09/259,142, to 
Farnworth et al . filed on February 26, 1999, in U.S. 
application serial no. 09/652,340, to Farnworth et al. 
filed on August 31, 2000, and in U.S. provisional 
application serial no. 60/425,567, to Farnworth et al. 

15 filed on November 11, 2002, all of which are incorporated 
herein by reference. 

As another alternative for forming the polymer layer 
20, patterning can be performed using a conventional photo 
tool configured to expose a photoimageable material using 

20 electromagnetic radiation in the G, H or I broadband. As 
yet another alternative the polymer layer 20 can be 
eliminated and the under fill layer 94 (Figure 3N) can used 
to protect the base die 12 (Figure 1C) and the edges of the 
secondary die 14 (Figure 1C) . 

25 Next, as shown in Figure 3D, a protective tape 74 is 

placed on the polymer layer 2 0 and covers the under bump 
metallization layers 58. The protective tape 74 protects 
the circuit side 62 of the base die 12 during the 
fabrication steps to be hereinafter described, and will be 

30 removed near the end of the fabrication process. The 
protective tape 74 can comprise a high temperature chemical 
resistant tape, such as a polyimide or an epoxy tape, having 
an adhesive surface, such as an acrylic, and a desired 
thickness. Suitable tapes are manufactured by 3M 

35 Corporation and Dupont. 

Next, as shown in Figure 3E, vias 78 are formed from a 
back side 76 of the base die 12, and through the silicon 
substrate 64 to the die contacts 56. For illustrative 
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5 purposes, the base die 12 in Figure 3E has been flipped, 
such that the back side 7 6 faces up. 

One method for forming the vias 78 uses laser 
machining to counter bore part way through the substrate 
64, followed by etching to complete the vias 78. The vias 

10 78 align with the die contacts 56, and with laser machining 
taper inward as the depth into the substrate 64 increases. 
By way of example, the diameters of the vias 7 8 can be from 
10 /xm to 2 mils or greater. The vias 78 can also be laser 
machined or otherwise formed with a shape configured to 

15 facilitate deposition of a conductive material therein. 
For example, the vias 78 can include a large shallow 
portion, such as a trepan shaped counterbore, and a narrow 
portion which extends completely through the substrate 64. 
The vias 7 8 can then be filled with a metal such as nickel, 

20 and a solder alloy can be squeegeed, or otherwise deposited 
in the large shallow portion, to force the nickel through 
the narrow portion. 

A suitable laser system for performing the laser 
machining step is manufactured by Electro Scientific, Inc., 

25 of Portland, OR and is designated a Model No. 2700. 
Another laser system is manufactured by XSIL Corporation of 
Dublin, Ireland and is designated a Model No. "XCISE-200" . 
A representative laser fluence for forming the vias 78 
through a silicon substrate having a thickness of about 28 

30 mils (725 tim) , is from 2 to 10 watts/per opening at a pulse 
duration of 20-25 ns, and at a repetition rate of up to 
several thousand per second. The wavelength of the laser 
beam can be a standard UV wavelength (e.g., 355 run) . 

Next, as shown in Figure 3F, a thinning step is 

35 performed in which the base wafer 54 is ground or polished 
from the back side 76 to thin the silicon substrate 64. 
The thinning step can be performed using a mechanical 
planarization apparatus (e.g., a grinder). One suitable 
mechanical planarization apparatus is manufactured by 
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5 Okamoto, and is designated a model no. VG502. The thinning 
step can also be performed using a chemical mechanical 
planarization (CMP) apparatus. A suitable CMP apparatus 
is commercially available from a manufacturer such as 
Westech, SEZ, Plasma Polishing Systems, or TRUSI. The 

10 thinning step can also be performed using an etch back 
process, such as a wet etch process, a dry etch process or 
a plasma etching process either performed alone or in 
combination with mechanical planarization. In the 
illustrative embodiment, the base wafer 54 is thinned such 

15 that the silicon substrate 64 has a thickness Ts of about 
280/xm. However, the thickness Ts can be as desired with 
from lOOjtun to 600/xm being representative. 

Next, as shown in Figure 3G, an etching step can be 
performed, using a suitable wet or dry etchant, to extend 

20 the vias 78 completely through the silicon substrate 64 to 
the die contacts 56. One suitable wet etchant is 
tetramethylammoniumhydroxide ( TMAH ) . In addition to 
extending the vias 78, the wet etchant can also further 
thin the silicon substrate 64. In the illustrative 

25 embodiment, the vias 78 are laser machined to within about 
10-50 fim of the die contacts 56, and the etching step thins 
the base wafer 54 to a thickness Ts of about 2 5 0/xm. The 
etching step also cleans and enlarges the inside diameters 
of the vias 78, and removes amorphous polysilicon and 

30 crystalline damaged silicon created in a heat affected zone 
(HAZ) due to heating by the laser beam. 

Next, as shown in Figure 3H, insulating layers 80 are 
formed on the inside diameters of the vias 78, and on the 
back side 76 of the base wafer 54. The insulating layers 

35 80 can be a grown or a deposited material. In the 
illustrative embodiment, the insulating layers 80 comprise 
a parylene polymer. Parylene polymers can be deposited 
from the vapor phase by a process similar to vacuum 
metallization at pressures of about 0.1 torr. Suitable 
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5 polymers include parylene C, parylene N, and parylene D. 
Parylene is available from Advanced Coating of Tempe, AZ . 

One suitable deposition apparatus for depositing 
parylene polymers is a portable parylene deposition system, 
designated a model PDS 2010 LABCOATER 2, manufactured by 

10 Specialty Coating Systems, of Indianapolis, IN, The 
parylene polymer uniformly coat all exposed surfaces of the 
base wafer 54 to form the insulating layers 80. A 
thickness range for the insulating layer 80 can be from .10 
to 7 6 urn or greater. 

15 Rather than parylene polymers, the insulating layers 

80 can be an oxide, such as Si02 / formed by a growth 
process by exposure of the base wafer 54 to an O2 atmosphere 
at an elevated temperature (e.g., 950'C). Alternately, the 
insulating layers 80 can comprise an electrically 

20 insulating material, such as an oxide or a nitride, 
deposited using a deposition process such as CVD, or a 
polymer material deposited using a suitable deposition 
process such as screen printing. In this case, if the 
insulating material completely fills the vias 80, a 

25 subsequent laser drilling step, substantially as previously 
described, may be required to re-open the vias 78. 

Next, as shown in Figure 31, a resist layer 82 is 
formed on the back side of the base wafer 54, covering the 
insulating layers 80 and filling the vias 78. The resist 

30 layer 82 can comprise a suitable negative or positive tone 
polymer resist deposited to a desired thickness using a 
suitable deposition process, such as spin on. A suitable 
resist formulation is sold by Shell Chemical under the 
trademark "EPON RESIN SU-8" . 

35 Next, as shown in Figure 3 J, a laser machining process 

is performed to remove the resist layer 82 from the vias 
78, and to form indentations or openings in the die 
contacts 56. The laser machining process can be performed 
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5 substantially as previously described and shown in Figure 
3E for initially forming the vias 78. 

Next, as shown in Figure 3K, the vias 78 are at least 
partially filled with a conductive material to form the 
conductive vias 26. In addition, the conductive material 

10 fills the indentations or openings formed in the contacts 
by the previous laser machining process. The conductive 
vias 78 are thus in physical and electrical contact with 
the die contacts 56. 

The conductive vias 26 can be plugs that completely 

15 fill the vias 78, or alternately, can be layers that cover 
just the inside surfaces or sidewalls of the vias 78. The 
conductive material can comprise a highly conductive metal, 
such as aluminum, titanium, nickel, iridium, copper, gold, 
tungsten, silver, platinum, palladium, tantalum, 

20 molybdenum, tin, zinc and alloys of these metals including 
solder alloys. The above metals can be deposited within 
the vias 78 using a deposition process, such as electroless 
deposition, CVD, or electrolytic deposition. In addition, 
the conductive vias 26 can comprise a single metal or 

25 different layers of metal, such as a bonding layer and a 
non-oxidizing layer . 

Rather than being a metal, the conductive material can 
comprise a conductive polymer, such as a metal filled 
silicone, or an isotropic epoxy. A conductive polymer can 

30 be deposited within the vias 78, as a viscous material, and 
then cured as required. A suitable deposition process, 
such as screen printing, or stenciling, can be used to 
deposit the conductive polymer into the vias 78. Suitable 
conductive polymers are available from A.I. Technology, 

35 Trenton, NJ; Sheldahl, Northfield, MN; and 3M, St. Paul, 
MN. Another suitable conductive polymer is a nano-particle 
paste or ink, having metal nano-particles made of a highly 
conductive metal, such as aluminum. Nano-particle 
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5 conductive polymers are commercially available from 
Superior Micropowders , of Albuquerque, NM. 

The conductive vias 26 can also be formed by 
depositing a metal such as nickel into the vias 78, and 
then squeegeeing or otherwise forcing a solder allow into 

10 the vias 78. In addition, the vias 78 can include an 
enlarged portion, such as a trepan shaped counterbore, into 
which the solder can be squeegeed. 

The conductive vias 2 6 can also be formed using the 
laser machining processes disclosed in U.S. Patent No. 

15 6,107,109 to Akram et al, U.S. Patent No. 6,114,240 to 
Akram et al., and U.S. Patent No. 6,294,837 Bl to Akram et 
al., all of which are incorporated herein by reference. 
Rather than a laser machining processes, the vias 78 can be 
formed using an etch mask and a suitable etchant. As 

20 another alternative, the conductive vias 2 6 can be formed 
as described in U.S. Patent No. 6,313,531 Bl to Geusic et 
al., which is incorporated herein by reference. 

Next, as shown in Figure 3K, bumped contacts 86 are 
formed on the conductive vias 26. The bumped contacts 86 

25 can be formed using a deposition process or a bonding 
process, substantially as previously described for the 
terminal contacts 18 (Figure 1C) . In the illustrative 
embodiment, the bumped contacts 86 comprise metal bumps or 
balls. However, the bumped contacts 86 can also comprise 

30 metal pins, conductive polymer bumps, or other types of 
raised contacts that are known in the art. In addition, 
the bumped contacts 86 can comprise one or more layers of 
material, such as under bump metal layers 87 and outer 
layers 98 made of a non-oxidizing metal such as gold. 

35 Further, the bumped contacts 86 are about the same size as 
the bumped contacts 24 (Figure 1C) on the secondary dice 14 
(60 ixm to 100 iim in diameter) . As another alternative, the 
bumped contacts 86 on the base dice 12 can be omitted, and 
the bumped contacts 24 on the secondary dice 14 can be 
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5 bonded directly to the under bump metal layers 87 using a 
bonding process to be hereinafter described. 

Next, as shown in Figure 3L, the base wafer 54 can 
optionally be tested by placing probe contacts 84 in 
electrical communication with the bumped contacts 86. 

10 Testing of the base wafer 54 can be accomplished using 
wafer level testing techniques and equipment that are known 
in the art. For example, the base wafer 54 can be held in 
a wafer prober in electrical communication with a tester 
and having a probe card containing the probe contacts 84. 

15 The tests can include functionality and parametric tests 
that are known in the art, and can identify and map 
defective base dice 12 contained on the base wafer 54. US 
Patent No. 6,359, 456 Bl to Hembree et al . , incorporated 
herein by reference, describes exemplary wafer level 

20 testing equipment. 

Next, as shown in Figure 3M, the bumped contacts 86 
can be further processed to facilitate subsequent bonding 
to the mating bumped contacts 24 on the secondary dice 14. 
Figure M illustrates three different embodiments designated 

25 I, II and III. In embodiment I the bumped contacts 86 
include solder tips 88 and the resist 82 remains on the 
base wafer 54. In embodiment II the resist 82 is stripped 
using a suitable stripper. Also in embodiment II, solder 
bumps 90 completely cover the bumped contacts 86 encircling 

30 and making physical contact with the conductive vias 26. 
The solder tips 88 (embodiment I) or the solder bumps 90 
(embodiment II) can be formed using a dipping, wave 
soldering, stenciling, or screen printing process 
substantially as previously described for bumped contacts 

35 24 (Figure 2C) . In embodiment III, the resist 82 is again 
stripped but the bumped contacts 86 are not covered with 
solder, such that outer layer 98 remains exposed. 

Next, as shown in Figure 3N, the underfill layer 94 
can be deposited on the base wafer 54, and on the bumped 
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5 contacts 86 with embodiments I or II, to facilitate 
subsequent bonding of the secondary dice 14 to the base 
wafer 54. The underfill layer 94 also functions to absorb 
thermal stresses generated between the secondary dice 14 
and the base dice 12 in the completed component 10. 

10 Alternately, as illustrated in embodiment III of Figure 3N, 
a conductive polymer adhesive 92 can be used to bond the 
secondary dice 14 to the base wafer 54. 

The underfill layer 94 can comprise a conventional 
underfill polymer such as a curable silicone, epoxy or 

15 polyimide material. The underfill layer 94 can also 
comprise a thermoset polymer underfill film, such as an 
underfill film manufactured by 3M Corporation of 
Minneapolis, MN. The underfill layer 94 can be deposited 
on the base wafer 54 in a viscous state using a 

20 conventional deposition apparatus, such as a material 
dispensing system having a computer controlled nozzle. One 
suitable system is manufactured by Asymtek of Carlsbad, CA. 

Alternately, as shown in embodiment III of Figure 3N, 
the conductive polymer adhesive 92 can be deposited on the 

25 base wafer 54 to physically bond the secondary dice 14 to 
the base wafer 54, and electrically connect the conductive 
vias 26 to the bumped contacts 24 on the secondary dice 14. 
In this case, the conductive polymer adhesive 92 can be 
deposited directly on embodiment III of the bumped contacts 

30 86. The conductive polymer adhesive 92 includes 
electrically conductive particles 96 which make the 
electrical connections. Suitable conductive polymer 
adhesives are commercially available from A.I. Technology, 
Trenton, NJ; and 3M, St. Paul, MN. 

35 Next, as shown in Figure 30, the good secondary dice 

14 are picked from the dicing tape 50 (Figure 2D) and 
placed on the base wafer 54. Again, three embodiments are 
illustrated. In embodiment I the bumped contacts 24 on the 
secondary dice 14 are placed in proximity or physical 
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5 contact with the solder tips 88 on the bumped contacts 86 
on the base dice 12. In embodiment II the bumped contacts 
24 on the secondary dice 14 are placed in proximity or 
physical contact with the solder bumps on the bumped 
contacts 86 on the base dice 12 . In embodiment III the 

10 bumped contacts 24 on the secondary dice 14 are placed in 
proximity or physical contact with the bumped contacts 86 
on the base dice 12 . 

Next, as shown in Figure 3P, a bonding step is 
performed in which the base wafer 54 with the singulated 

15 secondary dice 14 thereon is heated in an oven to a 
selected temperature for a selected time period. In 
embodiments I and II, the bonding step is performed at a 
temperature sufficient to reflow the bumped contacts 24 on 
the secondary dice 14 and the bumped contacts 86 on the 

20 base dice 12 such that metallurgical bonds are formed there 
between. The bonding step also functions to cure the 
underfill layer 94, and to adhesively bond the secondary 
dice 14 to the base dice 12. In embodiment III, the 
bonding step is performed at a temperature sufficient to 

25 cure the conductive polymer adhesive 92 to adhesively bond 
the secondary dice 14. If required curing can be performed 
by compressing the conductive polymer adhesive 92 to 
facilitate formation of separate electrical connections 
through the conductive particles 96. 

30 Next, as shown in Figure 3Q, the encapsulant 16 is 

deposited on the base wafer 54, and initially encapsulates 
the secondary dice 14. Figure 3Q is a cross section taken 
through a pair of secondary dice 14, and a mating pair of 
base dice 12 on the base wafer 54. In addition, the base 

35 dice 12 have bumped contacts 86 configured as embodiment 
II, such that the resist layer 82 (Figure 3M) has been 
stripped, and the solder bumps 90 (Figure 3M) encircle the 
conductive vias 26. 
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5 The encapsulant 16 can comprise a polymer material 

such as an epoxy, a silicone, a polyimide or a transfer 
molded underfill compound (MUF) . In addition, these polymer 
materials can include fillers such as silicates configured 
to reduce the coefficient of thermal expansion (CTE) and 

10 adjust the viscosity of the polymer material. The 
encapsulant 16 can alternately comprise a laser imageable 
material, which can be patterned using a stereographic 
lithography substantially as previously described for 
polymer layer 20. Alternately, the encapsulant 16 can 

15 comprise the underfill layer 94. 

Next, as shown in Figure 3R, another thinning step is 
performed to thin the secondary dice 14 to a desired 
thickness. The thinning step can be performed by 
mechanically planarizing, and/or etching the adhesively 

20 bonded secondary dice 14 on the base wafer 54. In this 
case the secondary dice 14 are ground, and/or etched, from 
the back side substantially as previously described and 
shown in the thinning step of Figure 3F for the base dice 
12 on the base wafer 54. As before the resultant thickness 

25 Ts of the silicon substrate of the secondary dice 14 can be 
as desired, with from 100/xm to 600/xm being representative. 

Next, as shown in Figure 3S, the protective tape 74 
(Figure 3R) is removed from the polymer layer 20. In 
Figure 3S the base wafer 54 has been flipped such that the 

30 protective tape 7 4 faces up. The protective tape 74 can be 
removed using a suitable stripper or by peeling it off of 
the base wafer 54. 

Next, as shown in Figure 3T, a conductive material 100 
is deposited into the openings 72 in the polymer layer 2 0 

35 and onto the die contacts 56 on the base dice 12. In the 
illustrative embodiment the conductive material 100 
comprises solder or another metal deposited using a 
stenciling process. 
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5 Next, as shown in Figure 3U, the conductive material 

100 is heated and reflows into balls or bumps which form 
the terminal contacts 18. This reflow step can be 
performed by placing the base wafer 12 in an oven heated to 
a selected temperature for a selected time period. As the 

10 polymer layer 20 is optional, if it is not formed, another 
process such as screen printing, electroless deposition or 
electrolytic deposition can be employed to form the 
terminal contacts 18. However, the polymer layer 20 if 
used, also performs a protective and rigidifying function 

15 in the completed component 10. As another alternative, a 
separate stencil (not shown) can be used in place of the 
polymer layer 20. 

Next, as shown in Figure 3V, a singulating step is 
performed to singulate the components 10 from the base 

20 wafer 54. The singulating step can be performed such that 
the components 10 have symmetry in the X and Y directions. 
For example, in Figure 3V the encapsulant 16 for each 
component 10 is symmetrical on either side of the secondary 
die 14. 

25 The singulating step can be performed by placing the 

base wafer 54 on a dicing tape 104, and singulating using a 
saw substantially as previously described for singulating 
the secondary wafer 30 (Figure 2D) . In this case the saw 
kerfs 102 can be thinner than the saw kerfs 52 (Figure 2D) 

30 to account for the size difference between the secondary 
dice 14 and the base dice 12 . 

Each secondary die 14 has an outline (footprint) that 
is smaller than the outline (footprint) of its mating base 
die 12. In addition, the component 10 has an outline 

35 (footprint) that is substantially identical to that of the 
base die 12 contained therein. Further, the component 10 
has a thickness T that is substantially equivalent to a 
conventional semiconductor die. In the illustrative 
embodiment the thickness T is from about 20 /xm to 1500 /xni. 
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5 Referring to Figure 4A, an alternate embodiment 

component 10P is illustrated. The component 10P is 
substantially similar to the component 10 (Figure 1C) , and 
is constructed using substantially the same fabrication 
method to be hereinafter described. However, the component 

10 10P includes terminal contacts 18P which comprise pins in 
an area array, such as a pin grid array, rather than bumps 
or balls as in component 10 (Figure 1C) . In addition, the 
polymer layer 20 (Figure 1C) has been eliminated in the 
component 10P. The terminal contacts 18P can be welded, 

15 brazed, soldered, or otherwise bonded, to the under bump 
metallization layers 58, using techniques and equipment 
that are known in the art. 

Referring to Figure 4B, an alternate embodiment 
component 10S is illustrated. The component 10S is 

20 substantially similar to the component 10 (Figure 1C) , and 
is constructed using substantially the same fabrication 
method illustrated in Figures 2A-2E and Figures 3A-3V. 
However, the component 10S includes a first secondary die 
14S-1, and a second secondary die 14S-2 bonded to one 

25 another and to the base die 12. The first secondary die 
14S-1 also includes conductive vias 26S constructed 
substantially as previously described for the conductive 
vias 26. In addition, bumped contacts 24S on the second 
secondary die 14S-2 are bonded to the conductive vias 2 6S, 

30 substantially as previously described for bumped contacts 
24 (Figure 1C) . Further, an encapsulant 16S substantially 
encapsulates the first secondary die 14S-1 and the second 
secondary die 14S-2. Alternately the component 10S can 
include more than two stacked and bonded secondary dice 

35 14S-1, 14S-2 (e.g., 3-10 secondary dice) . 

Referring to Figure 4C, an alternate embodiment 
component 10C is illustrated. The component 10C is 
substantially similar to the component 10 (Figure 1C) , and 
is constructed using substantially the same fabrication 
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5 method illustrated in Figures 2A-2E and Figures 3A-3V. 
However, the component IOC does not include the 
redistribution conductors 56 (Figure 1C) . Rather, the 
terminal contacts 18, and the under bump metallization 
layers 58 for the terminal contacts 18, are formed directly 

10 on the die contacts 56 for the base die 12. As such, the 
pattern of the terminal contacts 18 matches the pattern of 
the die contacts 56. In addition, the polymer layer 20 
(Figure 1C) has been eliminated. 

Referring to Figure 4D, an alternate embodiment 

15 component 10D is illustrated. The component 10D is 
substantially similar to the component 10 (Figure 1C) , and 
is constructed using substantially the same fabrication 
method illustrated in Figures 2A-2E and Figures 3A-3V. 
However, a secondary die 14D of the component 10D includes 

20 a single row of the die contacts 46 along a center line of 
the secondary die 14D, rather than two rows of the die 
contacts 46, as with the component 10 (Figure 1C) . In 
addition, the terminal contacts 18 fan out on either side 
of the die contacts 46. 

25 Referring to Figure 4E, an alternate embodiment 

component 10E is illustrated. The component 10E is 
substantially similar to the component 10S (Figure 4B) , and 
is constructed using substantially the same fabrication 
method illustrated in Figures 2A-2E and Figures 3A-3V. 

30 However, a base interconnect 12E is not a semiconductor die 
and contains no integrated circuits, but merely performs a 
support and interconnect function. The base interconnect 
12E can comprise a semiconductor material, a ceramic 
material, or a plastic material. In addition, the base 

35 interconnect 12E includes interconnect contacts 56E, and 
conductive vias 2 6E on which the under bump metallization 
layers 58 for the terminal contacts 18 are formed. 

Referring to Figure 4F, an alternate embodiment 
component 10F is illustrated. The component 10F is 
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5 substantially similar to the component 10 (Figure 1C) , and 
is constructed using substantially the same fabrication 
method illustrated in Figures 2A-2E and Figures 3A-3V. 
However, the component 10F includes two base dice 12F1, 
12F2, which are stacked and bonded to one another. The 

10 base dice 12F1, 12F2 include conductive vias 26F1, 26F2, 
which function substantially as previously described for 
the conductive vias 26 (Figure 1C) on the component 10 
(Figure 1C) . The component 10F also includes a cap plate 
134F bonded to the base die 12F2 using an underfill layer 

15 94F. The cap plate 134F can comprise a material such as 
silicon, ceramic or plastic, on which patterns of 
conductors 136F are formed. In addition, the cap plate 
134F includes bumped contacts 142F in electrical 
communication with the conductors 136F, and bonded to the 

20 conductive vias 2 6F2 on the base die 12F2 . The conductors 
136F electrically connect (i.e., short) selected contacts 
56F (e.g., power and ground connections) on the base dice 
12F1, 12F2 to one another. The cap plate 134F can comprise 
a semiconductor, a ceramic or a plastic material, on which 

25 the conductors 13 6F and the bumped contacts 142F can be 
formed using semiconductor fabrication techniques. 

Referring to Figure 4G, an alternate embodiment 
component 10G is illustrated. The component 10G is 
substantially similar to the component 10C (Figure 4C) , and 

30 is constructed using substantially the same fabrication 
method illustrated in Figures 2A-2E and Figures 3A-3V. The 
component 10G includes a base die 12G and a secondary die 
14G. The component 10G also includes an underfill layer 
84G, which also functions as an encapsulant for the 

35 component 10G. The underfill layer 84G covers the back 
side of the base die 12G and pots the secondary die 14G to 
the base die 12G. 

Referring to Figure 4H, an alternate embodiment 
component 10H is illustrated. The component 10H is 
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5 substantially similar to the component 10F (Figure 4F) , and 
is constructed using substantially the same fabrication 
method illustrated in Figures 2A-2E and Figures 3A-3V. The 
component 10H includes two base dice 12H1, 12H2, which are 
stacked and bonded to one another. The base dice 12H1, 

10 12H2 include conductive vias 2 6H1, 2 6H2, which function 
substantially as previously described for the conductive 
vias 2 6 (Figure 1C) on the component 10 (Figure 1C) . The 
component 10H also includes a cap plate 134H bonded to the 
base die 12H2 using an underfill layer 94H. The cap plate 

15 134H can comprise a material such as silicon, ceramic or 
plastic on which patterns of interlevel conductors 140H are 
formed. In addition, the cap plate 134H includes bumped 
contacts 142H bonded to the conductive vias 2 6H2 on the 
base die 12H2 . The cap plate 134H also includes electronic 

20 components 138H, such as capacitors, diodes or other 
electronic elements, in electrical communication with the 
interlevel conductors 140H, and configured in a desired 
electronic circuit. the component 10H also includes an 
insulating layer 144H, such as a deposited polymer, formed 

25 on the cap plate 134H, and on the electronic components 
138H. 

Referring to Figures 5A-5D, flow charts of the 
fabrication method illustrated in Figures 2A-2E and 3A-3V 
are shown. 

30 In Figure 5A, the fabrication method is broken into 

three basic steps - Steps A, B and C. 

Step A - Prepare the secondary wafer 3 0 and singulate 
the secondary dice 14 from the secondary wafer 30. 
Step B - Prepare the base wafer 54 . 
35 Step C - Bond the secondary dice 14 to the base dice 

12 on the base wafer 54 and singulate the components 10 
from the base wafer 54. 
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5 The basic fabrication method can be modified by 

directly bonding the secondary wafer 3 0 to the base wafer 
54, and then singulating the components 10 from the bonded 
wafers. As another alternative, the base dice 12 can be 
singulated, and the singulated secondary dice 14 can be 

10 bonded to the singulated base dice 12 . 

In Figure 5B, Step A is broken into Steps A1-A4 . 
Step Al - Form the mask layer 42 on the secondary 
wafer with the openings 44 therein aligned with the die 
15 contacts 46 (Figure 2A) . 

Step A2 - Probe test the secondary dice 14 on the 
secondary wafer 30 to identify "Good Dice" (Figure 2A) . 
Step A3a - Form the UBM layers 48 (Figure 2B) . 
Step A3b - Form the bumped contacts 2 4 on the UBM 
20 layers 48 (Figure 2C) . 

Step A4 - Singulate the secondary dice 14 from the 
secondary wafer 30 (Figure 2D) . 

In Figure 5C, Step B is broken into Steps B1-B14. 
25 Step Bl - Form the RDL conductor 2 8 on the base wafer 

54 (Figure 3A) . 

Step B2 - Form the UBM layers 58 on the RDL conductors 
28 (Figure 3B) . 

Step B3 - Form the polymer layer 20 (optional) (Figure 

30 3C) . 

Step B4 - Apply the protective tape 74 (Figure 3D) . 
Step B5 - Partially form the vias 78 (Figure 3E) . 
Step B6 - Thin the base wafer 54 (Figure 3F) . 
Step B7 - Etch to complete and clean the vias 78 
35 (Figure 3G) . 

Step B8 - Form the insulating layers 80 (Figure 3H) . 
Step B9 - Form the resist layer 82 (Figure 31) . 
Step BIO - Laser machine to open the insulated vias 78 
(Figure 3J) . 
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5 Step Bll - Form the conductive material in the vias 78 

to form the conductive vias 26 (Figure 3K) . 

Step B12 - Form the bumped contacts 86 on the 
conductive vias 26 (Figure 3K) . 

Step B13 - Probe test the base dice 12 on the base 
10 wafer 54 (Figure 3K) . 

Step 14 - Strip the resist 82 and form the solder tips 
88 (Figure 3M) . 



In Figure 5D, Step C is broken into Steps Cla - C8 . 
15 Cla - Apply the underfill layer 94 to the base wafer 

54 (Figure 3N) . 

Clb - Stack good secondary dice 14 on the base dice 12 
(Figure 30) 

C2 - Bond the bumped contacts 24 on the secondary dice 
20 14 to the bumped contacts 86 on the base dice 12 (also cure 
the underfill layer 94) (Figure 3P) . 

C3 - Form the encapsulant 16 (Figure 3Q) . 

C4 - Thin the secondary dice 14 (Figure 3R) . 

C5 - Remove the protective tape 74 (Figure 3S) . 
25 C6 - Deposit the conductive material 100 (Figure 3T) . 

C7 - Reflow the conductive material 100 to form the 
terminal contacts 18 (Figure 30) . 

C8 - Singulate the components 10 from the base wafer 
54 (Figure 3V) . 
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5 MINISCUS BUMPS/FLIP CHIP BONDER (M8) 

Referring to Figures 6A-6G, flow diagrams illustrating 
steps in the fabrication method performed using different 
semiconductor fabrication equipment are shown. The flow 
diagrams in Figures 6A-6G, describe exemplary equipment and 

10 processes used to align and bond the base dice 12 to the 
secondary dice 14. In addition, the flow diagrams describe 
exemplary equipment and processes for forming the bumped 
contacts 24 (inner lead bonds-ILB) on the secondary dice 
14, the bumped contacts 86 (inner lead bonds-ILB) on the 

15 base dice 12 and the terminal contacts 18 (outer lead 
bonds-OLB) on the base dice 14. 

Figure 6A describes a die level bonding process using 
singulated base dice 12 and singulated secondary dice 14. 
In addition, the process uses meniscus bumps for the 

20 bumped contacts 24, 86 formed using a wave soldering 
process. Initially, as shown on the left hand side of 
Figure 6A, the secondary wafer 30 (Figure 2) is provided. 
In addition, the UBM layers 48 (Figure 2B) for the bumped 
contacts 24 (Figure 2C) are formed on the die contacts 46 

25 (Figure 2B) using a suitable process, such as electroless 
deposition. Next, the bumped contacts 24 (Figure 2C) are 
formed on the secondary dice 14 using a wave soldering 
process. An exemplary wave soldering process is described 
in US Patent No. 6,372,624 to Farnworth et al . , which is 

30 incorporated herein by reference. As also shown on the 
left hand side of Figure 6A, the secondary dice 14 are 
singulated from the secondary wafer 30 using a suitable 
process such as sawing. 

As shown on the right hand side of Figure 6A, the base 

35 wafer 54 (Figure 3) is provided. The base wafer 54 can 
include the conductive vias 26 (Figure 3K) and the 
insulating layers 80 (Figure 3H) formed as previously 
described. In addition, the base wafer 54 can include the 
redistribution conductors 28 (Figure 3A) , and the 

MICRON TECHNOLOGY, INC. 37 DOCKET NO. 02-1500 



5 redistribution insulating layers 68, 70 formed as 
previously described. Next, the UBM layers 87 (Figure 3K) 
for the bumped contacts 86 (Figure 3K) are formed on the 
conductive vias 26. The base wafer 54 is then singulated 
into the base dice 12 . 

10 As shown in the middle of Figure 6A, the singulated 

dice 12 , 14 are picked and placed into a tray, or onto a 
film frame tape, using a suitable manual or automated 
apparatus, such as a pick and place mechanism. As shown on 
the right hand side of Figure 6A, the underfill layers 94 

15 are applied to the singulated base dice 12 using a suitable 
manual or automated apparatus. In addition, the singulated 
secondary dice 14, and the singulated base dice 12 are 
placed in a flip chip bonder. A flip chip bonder is 
described in U.S. Patent No. 4,899,921 to Bendat et al . , 

20 which is incorporated herein by reference. In addition, a 
suitable flip chip bonder is manufactured by Research 
Devices of Piscataway, NJ, and is designated an "M8 Visible 
Flip Chip Aligner Bonder" . As also shown in the middle 
portion of Figure 6A, the flip chip bonder is used to bond 

25 the singulated base dice 12 to the singulated secondary 
dice 14. Next, the terminal contacts 18, are formed on the 
base dice 12 using a ball bumper and solder preforms. One 
suitable ball bumper, and the solder preforms as well, are 
manufactured by Pac Tech Packaging Technologies of 

30 Falkensee, Germany. 

BALL BUMPER (PAC TECH 80i/m)/FLIP CHIP BONDER (M8) 

Figure 6B describes a die level bonding process using 
singulated base dice 12 and singulated secondary dice 14. 
35 In addition, the process uses a ball bumper to form the 
bumped contacts 24, which are bonded directly to the UBM 
layers 87 on the base dice 12. Initially, as shown on the 
left hand side of Figure 6B, the secondary wafer 30 (Figure 
2) is provided. In addition, the UBM layers 48 (Figure 
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5 2B) for the bumped contacts 24 (Figure 2C) are formed on 
the die contacts 46 (Figure 2B) using a suitable process, 
such as electroless deposition. Next, the bumped contacts 
24 (Figure 2C) are formed on the secondary dice 14 using a 
ball bumper. One suitable ball bumper, capable of 

10 depositing solder bumps on the order of 80/xm or smaller, is 
manufactured by Pac Tech Packaging Technologies of 
Falkensee, Germany. . As also shown on the left hand side of 
Figure 6B, the secondary dice 14 are singulated from the 
secondary wafer 30 using a suitable process such as sawing. 

15 In addition, the singulated secondary dice 14 are placed in 
a flip chip bonder such as the previously described U M8" 
manufactured by Research Devices of Piscataway, NJ. 

As shown on the right hand side of Figure 6B, the base 
wafer 54 (Figure 3) is provided. The base wafer 54 can 

20 include the conductive vias 26 (Figure 3K) and the 
insulating layers 80 (Figure 3H) formed as previously 
described. In addition, the base wafer 54 can include the 
redistribution conductors 28 (Figure 3A) , and the 
redistribution insulating layers 68, 70 formed as 

25 previously described. Next, the UBM layers 87 (Figure 3K) 
are formed on the conductive vias 26. The base wafer 54 is 
then singulated into the base dice 12 . As shown on the 
right hand side of Figure 6B, the underfill layers 94 are 
applied to the singulated base dice 12 using a suitable 

30 manual or automated apparatus. In addition the singulated 
base dice 14 are placed in the M8 flip chip bonder. 

As shown in the middle of Figure 6B, the flip chip 
bonder is used to align and bond the bumped contacts 24 on 
the secondary dice 14 to the UBM layer 87 on the base dice 

35 12. Next, the terminal contacts 18, are formed on the base 
dice 12 using a ball bumper and solder preforms as 
previously described. 
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5 BALL BUMPER (PAC TECH 80mnVBALL BUMPER (PAC TECH LAPLACE) 

Figure 6C describes a wafer level bonding process 
using singulated secondary dice 14 and the base wafer 54. 
In addition, the process uses a first ball bumper to form 
the bumped contacts 2 4 on the secondary dice 14, and a 

10 second ball bumper with a laser to bond the bumped contacts 
24 to the UBM layers 87 on the base dice 12. Initially, as 
shown on the left hand side of Figure 6C, the secondary 
wafer 30 (Figure 2) is provided. In addition, the UBM 
layers 48 (Figure 2B) for the bumped contacts 24 (Figure 

15 2C) are formed on the die contacts 46 (Figure 2B) using a 
suitable process, such as electroless deposition. Next, 
the bumped contacts 24 (Figure 2C) are formed on the 
secondary dice 14 using a ball bumper. One suitable ball 
bumper is the previously described 80 /xm ball bumper 

20 manufactured by Pac Tech Packaging Technologies of 
Falkensee, Germany. As also shown on the left hand side of 
Figure 6C, the secondary dice 14 are singulated from the 
secondary wafer 30 using a suitable process such as sawing. 
As shown on the right hand side of Figure 6C, the base 

25 wafer 54 (Figure 3) is provided. The base wafer 54 can 
include the conductive vias 26 (Figure 3K) , and the 
insulating layers 80 (Figure 3H) formed as previously 
described. In addition, the base wafer 54 can include the 
redistribution conductors 28 (Figure 3A) , and the 

30 redistribution insulating layers 68, 70 formed as 
previously described. Next, the UBM layers 87 (Figure 3K) 
are formed on the conductive vias 26. In addition, the 
base wafer 54 is placed in a second ball bumper which 
includes a laser configured to heat through the base wafer 

35 54 to heat and bond the bumped contacts 24 on the secondary 
dice 14 to the UBM layers 87 on the base dice 12 . One 
suitable ball bumper is manufacture by Pac Tech Packaging 
Technologies of Falkensee, Germany, and is designated the 
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5 "LAPLACE" . Next, the underfill layers 94 are applied to 
the base wafer 54 mounted to the second ball bumper. 

Next, as shown in the center block of Figure 6C, the 
singulated secondary dice 14 are aligned with and bonded to 
the base dice 12 on the base wafer 54 using the second ball 

10 bumper. In addition, as shown in the next blocks, the 
encapsulants 16 are formed as previously described, and the 
terminal contacts 18, are formed on the base dice 12 using 
a ball bumper and solder preforms as previously described. 
As shown in the last block of Figure 6C, the components 10 

15 are singulated from the base wafer 54, using a suitable 
process such as sawing. 

BALL BUMPER (PAC TECH 80//mVFLIP CHIP BONDER (DATACON1 

Figure 6D describes a wafer level bonding process 

20 using singulated secondary dice 14 which are bonded to the 
base wafer 54. In addition, the process of Figure 6D uses 
a ball bumper to form the bumped contacts 24 on the 
secondary dice 14, and a flip chip bonder to bond the 
bumped contacts 2 4 on the secondary dice 14 to the UBM 

25 layers 87 on the base dice 12 on the base wafer 54. 
Initially, as shown on the left hand side of Figure 6D, the 
secondary wafer 3 0 (Figure 2) is provided. In addition, 
the UBM layers 48 (Figure 2B) for the bumped contacts 24 
(Figure 2C) are formed on the die contacts 46 (Figure 2B) 

30 using a suitable process, such as electroless deposition. 
Next, the bumped contacts 24 (Figure 2C) are formed on the 
secondary dice 14 using a ball bumper. One suitable ball 
bumper is the previously described 80 iim ball bumper 
manufactured by Pac Tech Packaging Technologies of 

35 Falkensee, Germany. As also shown on the left hand side of 
Figure 6C, the secondary dice 14 are singulated from the 
secondary wafer 30 using a suitable process such as sawing. 

As shown on the right hand side of Figure 6D, the base 
wafer 54 (Figure 3) is provided. The base wafer 54 can 
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5 include the conductive vias 26 (Figure 3K) , and the 
insulating layers 80 (Figure 3H) formed as previously 
described. In addition, the base wafer 54 can include the 
redistribution conductors 28 (Figure 3A) , and the 
redistribution insulating layers 68, 70 formed as 

10 previously described. Next, the UBM layers 87 (Figure 3K) 
are formed on the conductive vias 26. In addition, the 
base wafer 54 is placed in a flip chip bonder configured to 
bond the singulated secondary dice 14 to the base wafer 54. 
One suitable wafer sized flip chip bonder is manufactured 

15 by Datacon Semiconductor Equipment GmbH, Radfeld, AT. 
Next, the underfill layers 94 are applied to the base wafer 
54 mounted to the flip chip bonder. 

Next, as shown in the center portion of Figure 6D, the 
singulated secondary dice 14 are aligned with and bonded to 

20 the base dice 12 on the base wafer 54 using the flip chip 
bonder. In addition, the encapsulants 16 are formed as 
previously described. As also shown in the center of 
Figure 6D, the terminal contacts 18, are formed on the base 
dice 12 using a ball bumper and solder preforms as 

25 previously described. As shown in the last block of Figure 
6D, the components 10 are singulated from the base wafer 
54. 

WAFER BONDER (EVG) 

30 Figure 6E describes a wafer level bonding process in 

which the un- singulated secondary wafer 3 0 is bonded to the 
un-singulated base wafer 54. The process described in 
Figure 6E also uses a ball bumper to form the bumped 
contacts 24 on the secondary dice 14 on the secondary wafer 

35 30, and a wafer bonder to bond the bumped contacts 24 to 
the UBM layers 87 on the base dice 12 on the base wafer 54. 
Initially, as shown on the left hand side of Figure 6E, the 
secondary wafer 30 (Figure 2) is provided. In addition, 
the UBM layers 48 (Figure 2B) for the bumped contacts 24 
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5 (Figure 2C) are formed on the die contacts 46 (Figure 2B) 
using a suitable process, such as electroless deposition. 
Next, the bumped contacts 24 (Figure 2C) are formed on the 
secondary dice 14 using a ball bumper. One suitable ball 
bumper is the previously described 80 fxm ball bumper 

10 manufactured by Pac Tech Packaging Technologies of 
Falkensee , Germany . 

As shown on the right hand side of Figure 6E, the base 
wafer 54 (Figure 3) is provided. The base wafer 54 can 
include the conductive vias 26 (Figure 3K) , and the 

15 insulating layers 80 (Figure 3H) formed as previously 
described. In addition, the base wafer 54 can include the 
redistribution conductors 28 (Figure 3A) , and the 
redistribution insulating layers 68, 70 formed as 
previously described. Next, the UBM layers 87 (Figure 3K) 

20 are formed on the conductive vias 26. In addition, the 
base wafer 54 is placed in a wafer bonder configured to 
bond the secondary wafer 30 to the base wafer 54. One 
suitable wafer bonder is a semiautomatic production bonder 
manufactured by EV Group Inc. of Phoenix, AZ . Next, the 

25 underfill layers 94 are applied to the base wafer 54 
mounted to the wafer bonder. 

Next, as shown in the center block of Figure 6E the 
secondary wafer 30 is aligned with and bonded to the base 
wafer using the wafer bonder. As also shown in the next to 

30 last block of Figure 6E, the terminal contacts 18, are 
formed on the base dice 12 using a ball bumper and solder 
preforms as previously described. As shown in the last 
block of Figure 6E, the components 10 are singulated from 
the base wafer 54 using a suitable process such as sawing. 

35 

3 DIE STACK - MINISCUS BUMPS/FLIP CHIP BONDER (M8^ 

Figure 6F describes a fabrication process for a three 
die component, such as component 10E (Figure 4E) , component 
10F (Figure 4F) or component 10H (Figure 4H) . In addition, 
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5 a die level bonding process is described using a pair of 
singulated base dice 12 and a singulated secondary dice 14 . 
Alternately, the process could be for a pair of secondary 
dice 14 and a single base die 12. As another alternative, 
the process could be for a single base die 12, a single 

10 secondary die 14 and a cap plate 134F (Figure 4F) or 134H 
(Figure 4H) . Further, the process uses meniscus bumps for 
the bumped contacts 24 on the secondary dice 14 and also 
for the bumped contacts 86 on one of the base dice 12. 

As shown on the right hand side of Figure 6F, the 

15 secondary wafer 30 (Figure 2) is provided. In addition, 
the UBM layers 48 (Figure 2B) for the bumped contacts 24 
(Figure 2C) are formed on the die contacts 46 (Figure 2B) 
using a suitable process, such as electroless deposition. 
Next, the bumped contacts 24 (Figure 2C) are formed on the 

20 secondary dice 14 using a wave soldering process, as 
previously described. As also shown on the right hand side 
of Figure 6F, the secondary dice 14 are singulated from the 
secondary wafer 30 using a suitable process such as sawing. 
As shown on the right side of Figure 6F, the base 

25 wafer 54 - #1 (Figure 3) is provided. The base wafer 54 - 
#1 can include the conductive vias 26 (Figure 3K) and the 
insulating layers 80 (Figure 3H) formed as previously 
described. In addition, the base wafer 54 - #1 can include 
the redistribution conductors 28 (Figure 3A) , and the 

30 redistribution insulating layers 68, 70 formed as 
previously described. As also shown on the right, the UBM 
layers 87 (Figure 3K) for the bumped contacts 86 (Figure 
3K) are formed on the conductive vias 26. In addition, the 
bumped contacts 86 are formed as meniscus bumps using a 

35 wave soldering process as described above. Base wafer 54 - 
#1 is then singulated into the base dice 12 - #1, and the 
base dice 12 - #1 are placed in the flip chip bonder, such 
as the previously described U M8" flip chip bonder 
manufactured by Research Devices of Piscataway, NJ. 
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5 As shown in the center column of Figure 6F, the base 

wafer 54 - #2 is provided, the UBM layers 87 are formed, 
and the base dice 12 - #2 are singulated. The underfill 
layers 94 are then formed on the base dice 12 - #2, and the 
base dice 12 - #2 are placed in the flip chip bonder. The 

10 base dice 12 - #1 are then bonded to the base dice 12 - #2 
using the flip chip bonder to bond the bumped contacts 86 
on the base dice 12 - #1 to the UBM layers 87 on the base 
dice 12 - #2. 

As shown on the right hand side of Figure 6F, the 
15 singulated secondary dice 14 are placed in the flip chip 
bonder, and the secondary dice 14 are bonded to the bonded 
base dice 12 - #1 and #2. As shown in the last box of 
Figure 6F, the terminal contacts 18 are formed on the base 
dice 12 -#1 using a ball bumper and solder preforms as 
20 previously described. 

3 DIE STACK - BALL BUMPER OR MINISCUS BUMPS/FLIP CHIP BONDER 
(M8^ OR (DATACOlsn 

Figure 6G describes a fabrication process for a three 
25 die component, such as component 10H (Figure 4H) that also 
includes electronic components 138H (Figure 4H) , such as 
capacitors. Further, the process uses meniscus bumps for 
the bumped contacts 24 on the secondary dice 14 and also 
for the bumped contacts 86 on one of the base dice 12. 
30 As shown on the right hand side of Figure 6G, the 

secondary wafer 3 0 (Figure 2) is provided. In addition, 
the UBM layers 48 (Figure 2B) for the bumped contacts 24 
(Figure 2C) are formed on the die contacts 46 (Figure 2B) 
using a suitable process, such as electroless deposition. 
35 Next, the bumped contacts 24 (Figure 2C) are formed on the 
secondary dice 14 using a wave soldering process, as 
previously described. As also shown on the right hand side 
of Figure 6G, the secondary dice 14 are singulated from the 
secondary wafer 30 using a suitable process such as sawing. 
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5 As shown on the right side of Figure 6G, the base 

wafer 54 - #1 (Figure 3) is provided. The base wafer 54 - 
#1 can include the conductive vias 26 (Figure 3K) and the 
insulating layers 80 (Figure 3H) formed as previously 
described. In addition, the base wafer 54 - #1 can include 

10 the redistribution conductors 28 (Figure 3A) , and the 
redistribution insulating layers 68, 70 formed as 
previously described. As also shown on the right, the UBM 
layers 87 (Figure 3K) for the bumped contacts 86 (Figure 
3K) are formed on the conductive vias 26. In addition, the 

15 bumped contacts 86 are formed as meniscus bumps using a 
wave soldering process as described above. Base wafer 54 - 
#1 is then singulated into the base dice 12 - #1, and the 
base dice 12 - #1 are placed in the flip chip bonder, such 
as the previously described "M8" flip chip bonder 

20 manufactured by Research Devices of Piscataway, NJ, or the 
flip chip bonder manufactured by Datacon Semiconductor 
Equipment GmbH, Radfeld, AT. 

As shown in the center column of Figure 6G, the base 
wafer 54 - #2 is provided, the UBM layers 87 are formed, 

25 and the base dice 12 - #2 are singulated. The underfill 
layer 94 is then formed on the base dice 12 - #2, and the 
dice are placed in the flip chip bonder. The base dice 12 
- #1 are then aligned and bonded to the base dice 12 - #2 
using the flip chip bonder to bond the bumped contacts 86 

30 on the base dice 12 - #1 to the UBM layers 87 on the base 
dice 12 - #2 . 

As shown on the middle portion of Figure 6G, pre- 
solder plated components 138H (Figure 4H) are bonded to the 
singulated secondary dice 14. The singulated secondary 
35 dice 14 are placed in the flip chip bonder, and the 
secondary dice 14 are bonded to the bonded base dice 12 - 
#1 and #2. As shown in the last box of Figure 6G, the 
terminal contacts 18 are formed on the base dice 12 -#1 
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5 using a ball bumper and solder preforms as previously 
described. 

Referring to Figures 7A and 7B, a multi chip module 
system 106 that includes multiple components 10 is 
illustrated. The multi chip module system 106 can be 

10 configured for performing a specific function such as 
memory storage. The multi chip module system 106 includes 
a module substrate 108 having patterns of electrodes 114 
(Figure 7B) configured for flip chip mounting the 
components 10 to the module substrate 108. The terminal 

15 contacts 18 on the components 10 can be bonded to the 
electrodes 114 on the module substrate 108 using a suitable 
bonding process, such as solder reflow, thermode bonding or 
conductive polymer bonding. The electrodes 114 are in 
electrical communication with conductors 110 formed on the 

20 module substrate 108 in a required circuit pattern. In 
addition, the conductors 110 are in electrical 
communication with an edge connector 112 which provides 
connection points from the outside to the multi chip module 
system 106. 

25 Referring to Figure 8, a system in a package 116 (SIP) 

that includes multiple components 10 is illustrated. The 
system in a package 116 can be configured to perform a 
desired electrical function such as micro processing. In 
addition, each component 10 can have a different electrical 

30 configuration, such as a micro controller, a microprocessor 
or a flash memory. The system in a package 116 includes a 
package substrate 120 wherein the components 10 are flip 
chip mounted. The package substrate 120 also includes 
electrodes and conductors (not shown) which electrically 

35 connect the components 10 in a required electrical 
configuration. The package substrate 120 also includes 
package leads 118 in electrical communication with the 
components 10. The system in a package 116 also includes a 
package body 122 formed of a molded plastic, or other 
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5 suitable material, which encapsulates the package substrate 
120 and the components 10. 

Referring to Figure 9, a computer system 124 includes 
one or more components 10, which can be mounted to the 
computer system 124 in a suitable manner. In addition, the 

10 components 10 can be configured to perform a desired 
function in the computer system 124 such as memory, storage 
or micro processing. 

Referring to Figure 10, a digital camcorder system 126 
includes one or more components 10, which can be mounted in 

15 a suitable manner, and configured to perform a desired 
circuit function in the camcorder system 126. 

Referring to Figure 11, a camera system 12 8 includes 
one or more components 10, which can be mounted in a 
suitable manner, and configured to perform a desired 

20 circuit function in the camera system 128. 

Referring to Figure 12, a cellular phone system 130 
includes one or more components 10, which can be mounted to 
in a suitable manner, and configured to perform a desired 
circuit function in the cellular phone system 130. 

25 Referring to Figure 13, a medical device system 132 

includes one or more components 10, which can be mounted in 
a suitable manner, and configured to perform a desired 
circuit function in the medical device system 132. 

Thus the invention provides improved multi-die 

30 semiconductor components, methods for fabricating the 
components, and systems incorporating the components. 
While the invention has been described with reference to 
certain preferred embodiments, as will be apparent to those 
skilled in the art, certain changes and modifications can 

35 be made without departing from the scope of the invention 
as defined by the following claims. 
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